Brainstorming is a series of procedures (rules) designed to maximize the productivity of groups engaged in idea generation by reducing production loss, popularized by Osborn, an advertising executive. The main concern in this tool is increasing creativity in an organization. This study examines two main factors, production loss and ownership of the topic that influence the performance in group brainstorming. Production loss includes activities in production blocking, social loafing and evaluation apprehension among individuals, while ownership of the topic relates to the interest of individuals in engaging the brainstorming activities especially in industrial design. Using a quasi-experimental research design, this study reports on the participation of115 groups of university students from 6 different universities. The data is analyzed at group-level. The hypotheses of this study are tested using Partial Least Squares (PLS) regression. Results reveal that out of the three dimensions of production loss, production blocking, social loafing, and evaluation apprehension, production blocking is negatively related to the group brainstorming performance whereas evaluation apprehension is positively related to the performance or group brainstorming. As expected, ownership or the topic is related to the performance too. However, social loafing is not related to the performance or group brainstorming. The results are of potential interest to educators, and researchers. This study responds 10 a call for further brainstorming research.
0 Introduction
Industrial design is an area that contributes services such as creating and developing concepts and specifications for both users and manufacturers (The Industrial Design Society of America, 2(04). The term Industrial design that is always used interchangeably with product design and involves both engineering and aesthetic design (Ekberg, 2(05) ; however, it emphasizes users' consideration (Roozenburg & Eekels, 1995) . Therefore, Industrial Designers are not people who handle things related directly to engineering. Instead, they are concerned with the delivery of ideas to engineers (Hannah, 20(4) . For instance, Alexander Graham Bell was the person responsible for the invention of the telephone, but Henry Dreyfuss was the Industrial designer responsible for giving the modern form to the phone (Hannah, 20(4) . Hence, in an industrial design context, creativity is needed and plays an important role in helping to come up with ideas and solutions (Takala, Keinonen, & Mantere, 2(06) . In the Malaysian industrial design context, Rahman (2005) has revealed that Malaysian designers are preferred because they work well in dynamic teams, contributing to brainstorming practices by sharing explicit knowledge in organizations.
In an organizational setting, the essential of group creativity cannot be denied (Paulus, Larey, Putman, Leggett, & Roland, 1996; Paulus, 2(00) because organizations use it to overcome the problem of inventing a new product (Paulus & Brown, 2(07) . This group creativity can be enhanced through brainstorming. For instance, in IDEO, Kelly (2001) has emphasized that creativity in design firms is not coincidental or mysterious, but can certainly be gained. Moreover, brainstorming is one of the most well-known tools for creative thinking (Isaksen, 1998) . Therefore, small groups always contribute to good results for many practitioners in the field of Creative Problem Solving (Dorval, 1999) and imaginative tasks (Nickerson, 2003) .
Malaysian designers are known to contribute well in dynamic teams through brainstorming practice (Rahman, 2(05) . He contends that management practices such as metaphor and analogy application, brainstorming with experts and design managers are highly preferred as it all contributes to explicit knowledge (Rahman, 2005 p. 31) . Moreover, brainstorming is a technique that emphasizes thinking activities. Nevertheless, most literature on this topic fails to adequately consider brainstorming in the industrial design context. Even though Rahman 2005) has stressed the importance of the brainstorming technique to gain new ideas, there is no empirical evidence to support Rahman's (2005) finding that brainstorming actually takes place within the context of industrial design education in Malaysia. Moreover, there is lack of group-level analysis of personality and group performance (Bolin & Neuman, 2(06) which leads to accurate findings. Therefore, the objective of this study is to examine the influence of process on group brainstorming performance at the group level among industrial design students.
Literature Review And Hypotheses Development

Group Brainstorming
Brainstorming is a series of procedures (rules) designed to maximize the productivity of groups engaged in idea generation by reducing production loss, popularized by Osborn, an advertising executive. The main concern of the development of this tool is to increase creativity in organization (Osborn, 1963) . Brainstorming is also identified as a technique involving a variety of tools for generating ideas (Isaksen, 1998) and many people could produce many ideas compared to working alone (Osborn, 1963) . The study on brainstorming began when Taylor, Berry, and Block (1958) examined through an empirical study, the effectiveness of brainstorming as claimed by Osborn in his influential book, Applied Imagination (1957) . Since the study by Taylor et al. (1958) , numerous other studies have been conducted such as by Bouchard and Hare (1970) , Diehl and Stroebe (1987) , Barki and Pinsonneault (200 I), Nijstad, van Vianen, Stroebe, and Lodewijkx, (2004) and Nijstad, Stroebe, and Lodewijkx (2006) . Most of the studies on group brainstorming have emphasized group process.
Group Process
In brainstorming, group process plays an important role in group performance through the interaction of individuals in the group which introduces factors into the brainstorming process that acts to improve performance. In other words, it is called process gains (Dennis & William, 2003) . Meanwhile, the factors that act to impair performance are called production loss (Dennis & William, 2003) . In production loss, production blocking is defined as competition for speaking time in interactive groups (Diehl & Stroebe, 1987) , while Barki and Pinsonneault (200 I) define evaluation apprehension as individuals in groups who fear that their creative ideas would be evaluated and rejected by the group. Social loafing is defined as a decrease in effort when individuals perform in a group (Latane', William, & Harkins, 1979) .
Idea generation is an important determinant of the group brainstorming performance (Paulus, 2000; Paulus, Dzindolet, Poletes, and Camacho, 1993; Dennis, and Valacich, 1993) . Therefore, Osborn (1963) and the other practitioners such as Rawlinson (1981) emphasize idea generation. Although there are several processes involved, most brainstorming researchers such as Diehl and Stroebe (1987) Shepherd, Briggs, Reinig, Yen, and Nunamaker Jr. (1996) , Bolin and Neuman (2006) , and Coskun (2005) agree that the three most prominent factors that always affect the brainstorming performance are Production Blocking, Social Loafing, and Evaluation Apprehension. Moreover, production blocking represents the cognitive process, social loafing represents the motivational factor, and evaluation represents the social psychological factor (Mullen, Johnson, & Salas, 1991) .
Production Blocking
Production blocking can be defined as a competition for speaking time in interactive groups (Diehl & Stroebe, 1987) . Furnham and Yazdanpanahi (1995) define production blocking as a state where there is only one person who can speak at a time, while other group members wait for their turn. They also add that the waiting time would cause a loss of productivity in a brainstorming group. Production blocking occurs when individuals in the group cannot express their ideas because another group member is talking at the same time (Gallupe, Dennis, Cooper, Valacich, Bastianutti, & Nunamaker Jr., 1992) ; subsequently, this would reduce the effectiveness of the brainstorming sessions (Gallupe, Bastianutti, & Cooper, 1991) .
Social Loafing
Social loafing is defined as a decrease in effort when individuals perform in group (Latane", William, & Harkins, 1979) and it occurs only when their ideas are not identified or attended to by other group members (Paulus & Brown, 2(07) . According to Karau and Williams (1993) , social loafing occurs when individuals tend to put in less effort when working in groups than when they are working individually. The term social loafing is the same as free-riding where individuals in a group do not put in adequate effort to produce creative ideas (Barki & Pinsonneault, 200 I) Diehl and Stroebe (1987) define evaluation apprehension as individuals who fear a negative reaction from group members and therefore withhold their ideas in brainstorming. Barki and Pinsonneault (2()()!) define evaluation apprehension as occurring when individuals in a group fear that their creative ideas would be evaluated and even rejected by the group. According to Gallupe et al. (1992) , evaluation apprehension occurs when individuals in group withhold their ideas and feel that their ideas would not be approved by other members in the group. Therefore, the researcher's prediction regarding the process of brainstorming include: H 1: There are relationships between group process (Production blocking, Social loafing, and evaluation apprehension) and the quantity of ideas put forward by industrial design students during brainstorming sessions The exploratory sub-hypotheses are as follows: H 1a: There is a relationship between Production blocking and the quantity of ideas shared by industrial design students. H 1b: There is a relationship between Social loafing and the quantity of ideas shared by industrial design students. H 1c: There is a relationship between Evaluation apprehension and the quantity of ideas shared by industrial design students.
Evaluation Apprehension
Ownership of the Topic
There are certain external factors that influence group brainstorming performance. One of the factors is ownership of the topic. The topic that is given in brainstorming is quite general to the subjects of a study (Dennis & Valacich, 1993; Gallupe, Bastianuui, & Cooper, 1991; Bolin & Neuman, 2006; Paulus et aI., 1993; Shepherd et al., 1996; Coskun, 2005; Nijstad et al., 2004) . In relation to this point, the issue of unsuitable topics given in the study of brainstorming especially in the Industrial Design context has been raised by Zainol & Yusof (2008) . They suggest that the topic should interest the participants in the brainstorming session so that they can contribute creative ideas. As suggested by Isaksen (1998) , researchers in brainstorming should pay attention to the topic given to the participants. The right topic would allow participants to be more responsive to the kind of tasks, problems and challenges given to them as they would experience a sense of ownership of the topic. The researcher also suggests that future research should focus more on ownership because in brainstorming session, the task or topic given is more of an open ended or creative task. Therefore, the ownership of the topic in brainstorming should match the team members' field of interest. This view is supported by Barki and Pinsonneault (2001) and Nijstad et al. (2006) who demonstrated that unsuitable topics reduces the quality of ideas put forward by members of a team. Understanding the degree of ownership of the topic in a brainstorming study may help in determining the accuracy of this issue. The following hypothesis is proposed:
H2: There is a relationship between ownership of the topic and the quantity of ideas shared by industrial design students in brainstorming sessions.
Conceptual Framework
Based on the discussion above, we propose the following conceptual framework, as shown in Figure I . First, there is a direct relationship between production loss and quantity of ideas. Second, there is also a direct relationship between ownership of the topic and the quantity of ideas. 
Methodology
Research Design
The researchers visited every university selected as venues for the brainstorming sessions. Firstly, the participants were gathered in a hall and were given a briefing and instructions for activities. There were 460 industrial design students pursuing degree-level courses in six universities in Malaysia. The participants were divided into small groups. Four-person groups were formed by using a simple random technique. The number of groups formed was 115. The participants were reminded to place emphasis on the quantity of ideas shared, accept all ideas without criticism, encourage the sharing of novel ideas, and encouraged attempts at combining and improving ideas. To get the participants familiar with brainstorming sessions, warm-up topics were given and discussed for 5 minutes. This is supported by Osborn (1963) who recommended that people who had no knowledge about brainstorming should be exposed to an orientation to this technique. After the practice session, the actual topic on Malaysian furniture was given. The participants then brainstormed for 20 minutes. All ideas were written on a flip-chart. After 20 minutes of brainstorming, the participants were given the instruments to measure production blocking, social loafing, evaluation apprehension and ownership of the topic.
Sample Size
As six universities participated in this study, stratified random sampling was used to choose the subjects. Stratified random sampling is a good strategy to determine the subjects in the study. Stratified random sampling screens members of a population and reduces the variability of the sample size (Tuck man, 1994) . This type of sampling facilitates a study of any differences that may exist within subgroups of the population. It also guaranteed that the various subgroups in the population are represented (Sekaran, 2(00) . After this stratified random sampling technique was implemented, simple random sampling was applied. From an initial number of 579 undergraduates, the number was reduced to 460 Industrial Design students.
Group-level Analysis
In the group performance study, the suitability of operationalization depends on the nature of the task that will be completed by the group, the research question being asked, and the specific traits being analyzed. A task, according to Steiner (1972) is a 'job assignment' that would be achieved by the group. Steiner (1972) classified the task into four categories: The first category is a disjunctive task. It refers to a task that is determined by the best group members. The second category is a conjunctive task. It refers to a task that is determined by the worst group members. An additive task is the third category. It refers to a task that is determined by the sum of all members' contributions. The last category is a compensatory task. It refers to a task that is determined by the range and distribution of responses within the group (one man, one vote). Steiner (1972) also observes that "In real life, many tasks are additive." (pp.33). Therefore, in the case of brainstorming, Bolin and Neuman (2006) emphasized that group-level analysis is an appropriate method to be used. This is because, the idea contributed is not owned by the individual but the group. Therefore, analysis at group-level is appropriate.
Instrument Measurement
Production Blocking
The Process instrument (Bolin, 2002 ; Bolin& Neuman, 2(06) was used to measure the process of Production Blocking, Social Loafing, and Evaluation Apprehension. In this study, an adapted version of Production blocking (Bolin, 2002; Bolin & Neuman, 2(06) was used. This instrument was aimed at measuring Production blocking. Originally, this instrument consisted of 12 items (Bolin, 2(02) . These items were measured based on a five-point Likert scale that ranges from "strongly agree" to "strongly disagree". Production blocking included items such as the following: "It was hard to know when it was my turn to talk", "It was hard to concentrate on my ideas while others in the group were talking" and the reverse item such as "I felt I could speak up whenever I had something to say". The internal consistency coefficient of five items was also high (Cronbach's alpha = .84). This indicates that this instrument was suitable to measure production blocking in group brainstorming sessions.
Social Loafing
This instrument was aimed at measuring Social Loafing. Originally, this instrument contained 13 items (Bolin, 20(2) . These items were measured based on a live-point Likert scale that ranged from "strongly agree" to "strongly disagree". Social loafing had an item such as "I didn't try very hard to help complete the group task" and "I really didn't take this task seriously". The reverse item such as "working in a group helps me feel motivated" and "I was very motivated to generate quality ideas" were provided. The internal consistency coefficient of six items was high (Cronbachs alpha = .80). This indicates that this instrument was very good and suitable to measure social loafing in group brainstorming sessions.
Evaluation apprehension
In this study, evaluation apprehension refers to a subject's responses to the instrument of evaluation apprehension (Bolin, 2002; Bolin & Neuman, 2(06) . These items were measured based on a live-point Likert scale that ranged from "strongly agree" to "strongly disagree". Sample items include "I felt apprehensive about sharing my ideas with the group" and "I didn't express all of my ideas because I didn't want the members of my group to think I was weird or crazy". The internal consistency coefficient of seven items was also high (Cronbach's alpha = .77). This indicates that this instrument was very good and suitable to measure evaluation apprehension in group brainstorming sessions.
Ownership of the topic
The Ownership of the Topic instrument developed by the researcher was used to measure the Ownership of the Topic. Originally, this instrument contained 15 items. These items were measured based on a five-point Likert scale ranging from "strongly agree" to "strongly disagree". Ownership of the Topic had items such as "The problem in the brainstorming should suit with my area", "I feel that the brainstorming problem was related with my field" and "If such problem is going to be held in the future, I will be willing to participate". The internal consistency coefficient of fourteen items was also high (Cronbach's alpha = .93).
Quantity of ideas
Quantity of ideas was based on the result of ideas produced during the brainstorming session. It was defined as non-redundant ideas. Once the number of quantity of ideas from Rater I was determined, the number of ideas from Rater 2 was also determined. The value was calculated by using the formula: That is adapted from Dennis, Valacich, Connolly, & Wynne (1996) . The value of two raters' counts was .99. It shows that there was high interrater reliability and the quantity of ideas was satisfactory. Hence, the number of Rater 1 was used.
(Calculated as 1 -number of disagreement) Number of ideas 12 = 0.9913 1384
Interrater reliability-group-Ievel Analysis
Before the data is computed to the group-level analysis, interrater reliability should be examined. It was determined by using the formula from James, Demaree, and Wolf (1984) . The purpose of the interrater reliability was to examine the degree of differences of individual scores in the group (James et al., 1984) . The formula is shown below: Table I shows the relationship between Production blocking and the quantity of ideas shared among industrial design students is significant (r = -.38, P< .01). The relationship between Social loafing and the quantity of ideas shared among industrial design students is significant (r =-.21 ,P< .05). The relationship between Evaluation apprehension and the quantity of ideas among industrial design students is also significant (r = -.22, p« .05). The positive association between Ownership of the topic and quantity of ideas is also significant (r = .26, P< .01). 
Data Analysis
Hypothesis Testing
Data in this study is analyzed by using Partial Least Squares (PLS). PLS is a second generation multivariate technique in data analysis (Haenlein & Kaplan, 20(4) . PLS has the advantage to handle some problems such as: 1. multicollinearity among independent variable 2. data that is not normally distributed 3. scales which could be nominal, ordinal, interval or ratio (scale-robust) 4. models with either reflective, formative, or both, reflective and formative 5. small sample size 6. missing value
Assessment of the Model
Using Structural Equation Modeling (SEM) with Partial Least Squares (PLS) requires the researcher to perform two major steps: (1) assessing the measurement model in order to examine both convergent and discriminant validity and (2) assessing the structural model in order to examine the path coefficient (Hulland, 1999) .
Convergent and Discriminant Validity
In PLS, firstly, the loading in the same block should be higher than the other blocks. This means that there is high convergent validity. A standardized loading that is recommended in the measurement model is .70 (Chin, 1998) .
Nevertheless, loading of .50 and .60 are also still acceptable when the construct is the new construct and the model is still new (Imam Ghozali, 2(06) . In this study, the researcher applied the loading 01'0.60 since the model using PLS is still new in group performance research. Table 2 shows the loadings within the same construct and the other constructs.
Discriminate validity in PLS is assessed by three criteria:(I)factor loadings for all items should be .60 and above (2) composite reliability should be .70 and above and(3) AVE must show the cut-off .50 which indicating at least 50% of the measurement variance (Fornell & Larcker, 1(81). Note: pb= production blocking, sl = social loafing, ,evaluation apprehension, top= owners hip of the topic. Table 3 shows the composite for constructs greater than .70. Forncll and Larcker(1981) argued that composite reliability is more powerful than Cronbac h's alpha because it is determined by the relative loadings or the items and is not influenced by the number or items. Fornell and Larcker (1981) suggested the composite reliability cut-orr value .70 to be satisfactory for the constructs. The table also shows the value or Cronbach's alpha for all constructs. The results indicate that all constructs have satisfactory measurements (quantity or ideas has Composite reliability and Cronbac h's alpha value or I. This should not be interpreted as perfect indicators because it has absolute performance and is not measured by the number or items). In the case or discriminate validity, Table 2 also reflects the loadings or items on their own constructs. It shows that the loadings or all constructs within the same construct are expected to be high on this construct, indicating high convergent validity. Meanwhile, low on the other constructs indicates high discriminate validity. Table 2 shows a clear convergent and discriminate validity for all constructs. The items in all the respective constructs show higher loadings than other constructs. 
Assessing the Structural Model
In order to estimate the statistical significance of the parameter estimates, a bootstrapping procedure with replacement using 500 subsamples was used in this study. Bootstrapping was used for the purpose of eliminating the assumption of normality. Since all hypotheses are not directional, this study used a two-tailed t-test. This means that a 90% level of confidence or p< .10 level of significance needs t-value>1.645,95% level of confidence or p< .05 level of significant needs t-value >1.960, and 99% level of confidence or p< .0I level of significant needs t-value >2.576.
Direct Effects of Processand Ownership of theTopicon Group Brainstorming Performance
This study hypothesized that Production loss is related to the quantity of ideas shared by Industrial design students. Table 5 shows the direct effects of production loss on the quantity of ideas. The results revealed that production blocking had negative effects on the quantity of ideas (~= -.43, p< .0 I)., therefore supporting H1a.However,the results also showed that Social loafing (~= -.05, p> .10)was not significant. Hence, H2b was not supported. Evaluation apprehension had significant effects on the quantity of ideas (~= .24, p< .10), indicated that H 1c was supported. This study also hypothesized that Ownership of the topic is related to quantity of ideas amongIndustrialdesignstudents.Table5showsthatthedirecteffect of Ownership of the topic is related to the quantity of ideas shared by Industrial design students. Result showed that Ownership of the topic had significant effects on the quantity of ideas «(3 = .21, p< .(5), therefore supporting H2.
Overall, as shown in Figure 2 , this research model explained 19 percent of the variance in group brainstorming performance (R2 = .19). This indicates that Production loss of production blocking and evaluation apprehension are powerful predictors of group brainstorming performance. Ownership of the topic also contributes to group brainstorming performance 
Discussions and Conclusions
The results of this study support the hypotheses that production loss as a unique predictor of group brainstorming performance. For each specific process, production blocking and evaluation apprehension are the strongest predictors whereas social loafing is not a predictor to group brainstorming performance. These findings are congruent with past research on brainstorming (Diehl & Stroebe, 1987; Diehl & Stroebe, 1991) .
For evaluation apprehension, the positive relationship with group brainstorming performance Yes is not in line with the previous researches such as those by Barki and Pinsonneault (20()J) and Mullen et al. (1991) . The results of this study on the production loss suggest that a group that has high production blocking would produce less idea compared to a group of industrial design students that has evaluation apprehension. The findings also revealed that ownership of the topic is a good predictor to the group brainstorming performance. This result is consistent with the finding by Barki and Pinsonneault (2001) and Nijstad et al. (2006) . The results also suggest that in order to enhance the group brainstorming performance, the topic which is parallel with the participants' interests should be considered as mentioned by Zainol and Yusof (2008) . The positive relationship between ownership of the topic and quantity of ideas for the current sample is similar to the findings from previous research that had established that the topic the participant owns would produce better performance (Paulus & Brown, 2(03) . This study offers some theoretical and practical implication. Firstly, the topic that was given in the brainstorming session should be explored in future studies because it may influence the results in other brainstorming research. Secondly, the topic given should come from experts in the area of study. Surprisingly, even though almost all studies agree that evaluation apprehension results in prominent loss, this study found that it acts positively in group brainstorming performance within the industrial design context. It appeared in this study that the participants in the group brainstorming sessions contributed more ideas when they felt they were being evaluated by the other members.
This study also has a few limitations. Firstly, this study is limited to undergraduates who were pursuing Industrial Design courses in six public university in Malaysia. Any attempt to generalize this study to any other area and even private colleges must be proceeded with caution. Second, even though most of the hypotheses are supported, 19 percent of the variance explained in this study should be taken into account by future researchers.
